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[ Abstract] Objective To observe any effect of treadmill exercise on autophagy and the phosphatidylinositol
3-kinase (PI3K) /protein kinase B ( Akt) /mammalian target of rapamycin (mTOR) signaling pathway in insulin-re-
sistant (TR) mice. Methods A high-fat diet was used to induce insulin-resistance in 16 8-week-old C57BL/6
mice. Eight additional mice served as the healthy control group fed a normal diet. After 12 weeks the 16 mice were
randomly divided into a sedentary group (the model group) and a treadmill exercise group (the exercise group),

each of 8. All continued their former diets. The exercise group performed treadmill exercise at 75% of their maximum
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oxygen consumption, while the control group and the model group did not. After 12 weeks, hematoxylin-eosin ( HE)
staining was used to observe any pathological changes in the skeletal muscles. Enzyme colorimetry and enzyme-linked
immunosorbent assays were employed to detect serum triglyceride (TC) and cholesterol (TG ). Western blotting was
conducted to detect the expression of phosphorylated PI3K (p-PI3K), phosphorylated Akt ( p-Akt), phosphorylated
mTOR (p-mTOR) , autophagy microtubule-associated protein 1 light chain 3-11 (LC3-1I ), autophagy microtubule-
associated protein 1 light chain 3-1 (LC3-T), SQSTM1 protein (p62), and autophagy effector protein 1 ( Beclin-1)
in skeletal muscles. The correlation between the expression of autophagy-related proteins and the PI3K/Akt/mTOR
signaling pathway was quantified. Results (1) Compared with the control group, the average body weight, fasting
blood glucose, TC and TG of the model group increased significantly. The number of normal cells in the skeletal mus-
cle of the model group was significantly reduced, with blurred or vacuolated striated muscle, condensed and shrunken
cell nuclei, widened or broken internal gaps in the muscle fiber, and disordered structure. The expression of LC3-1I,
Beclin-1 protein and the ratio of LC3-1I to LC3- I in the skeletal muscle of the model group had decreased signifi-
cantly, but the expression of p62, p-PI3K, p-Akt and p-mTOR proteins had increased significantly compared to the
control group. (2) Compared with the model group, the body weight, blood glucose, and serum TG and TC of the ex-
ercise group decreased significantly. The number of normal cells in the skeletal muscles increased significantly, blur-
ring or vacuolation of the striated muscle was significantly less, and disorder in the tissue structure was significantly
alleviated. The expression of LC3-1 , LC3-11/LC3- 1 and Beclin-1 protein in the skeletal muscle increased signifi-
cantly, on average, while p62, p-PI3K, p-Akt and p-mTOR protein levels decreased significantly. (3) LC3-11/
LC3- I in the skeletal muscle of all of the mice was negatively correlated with p-mTOR, and the expression of Beclin-
1 was negatively correlated with p-PI3K and p-Akt. Conclusions Aerobic treadmill exercise effectively improves
insulin resistance and the pathological changes in skeletal muscle, at least in mice. The mechanism may be related to
the promotion of autophagy through inhibiting the PI3K/Akt/mTOR signaling pathway.
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A W Bl K () TG P AR 2
Beclinl J&—Ff A WEJH s A T, 2 5 B WA &8
B, 2 A WA B =z — P T p62 VR R W%
RE A, AR R R ol L3 SRz RIEA
BRI PR AL SR A WA B AC DY, 2K T
H UK AR B A , D p62 fR I 3RIA S H MENE R
AIAIIED  FAN, AR FEA WEE T W B bR S
LAMP1 & AR AL, HoA oKV n] S e [ 15 B
I LR AW A L AR SR 45 R o, 50 R
20 Heds AL /N B B UL Beclinl & LAMP1 25 (13
IRV BB FRAK, p62 B (A A I W3, $2 s K 30 i i
FEEVE TR IR /N RILB85 LA WA shDife | B i 1
TR VS AT M B WA B AT B D) RE AR I
Hiz T Wife W 8 IR /N BUE 8 WL Beclinl &
LAMP1 FFFRIA, B EFEL p62 Rk, MG

12 Bl T YR i R TR 6 1A W shad R L A
IRRE S L R IR E AR s AL A s

H T A Wi i 22 2 Fh 5 53 B R, o PI3K/
Akt/mTOR i F# e 20 S (0 {7 53 e 2 — Y % i
WY PI3K BBV 22 E IR/ 70 A FR UK Ake, il — &R
G198 # f mTOR & A= 8 i@ b, o w1 ) &l B w5
PR S ML SRR 78 BT, PISK/ Akt {5538 %
fE 32 mTOR {4k , AL mTOR & &R FE(E #E Unc-
51 FEBLEF 1 ( UNC-51-like kinase 1,ULK1) & H WEAH &
FH H 13 (autophagy associated protein 13, ATG13) B iR
Ak, BHIE ULK1 386 £k K A W/ IMATE 1, 2 1 40 a1 1 W 2
6 s ML S 77 00 0 B = i, BR R 0 b B (R
( AMP-activated protein kinase, AMPK ) il §% 9% i 15 ,
AEAM % mTORCL, fi# BR Xt ULK1 A9 40 i /E 4 it
ULK1 B2k ATG13 Fl FIP200 ( FAK-family interacting
protein of 200 kDa) , Il H W/ IMATE B4 S A WETDh
AEdom 0 AWFIE SR BN, M58 30T W AE M
IR /M PI3K Akt }2 mTOR & FABERR 1k, [5] I 38 % 31
MBI T WAL 2 IR /N BUE B8 UL A WA 56 B
LC3-T LC3-T /LC3- T } Beclinl FE k1450 , REAG p62
EASE, A EIEREESE S0 IR 7 ¥0E PI3K/ Akt
mTOR 15 53 [, $ ) [ W, 1M M 5 12 2l T F0RE 417
IR /NEVE 85 L PI3K/ Akt/mTOR {3558 J% , 005 ) W
Uife, AN, AWF A & IR /N BB S L LC3-11/
LC3-1 HfH 5 p-mTOR & FA BA A SCHE  Beclind
5 p-AKT J p-PI3K £ 1 3R A 7R A fAH G, # R
B AL W e 5 T 5 PI3K/Akt/mTOR 15538 I %
YItEIG, PRI, AR5 eIl 32 3 1 i fi il PI3K/ Akt/
mTOR {55 51 % °T RE 2 TR /N BRUE B% UL 1 e 306 P 448 i
F R 2 0 592 3 T PG TR /N ERBEAR GG
EARLWEZNLH Z —,

g5 L Ard KM 502 sh T HaE B W34 IR /N
B L E M A 6 R ] LC3- 1 . Beelinl 85 14 % ik M
LC3- 1 /LC3- T HfE, & 2 ks p62 HEFR LBk gl 21
S B AT, W BRI 5 R /N B IR A el R,
HArF- ML AT B 5 906 B85 WL PI3K/ Akt/mTOR {55
WA C, SR, TR IR RE A S IR K HLT )
HAEZ % AW RV T H G128 80+ #0 & i
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